Social inequality in fetal growth: a comparative study of Denmark, Finland, Norway and Sweden in the period 1981-2000 by Mortensen, L H et al.
Social inequality in fetal growth: a comparative study
of Denmark, Finland, Norway and Sweden in the
period 1981–2000
L H Mortensen,1 F Diderichsen,2 A Arntzen,3 M Gissler,4 S Cnattingius,5 O Schnor,1
G Davey-Smith,6 A-M Nybo Andersen1
1 Research Programme on Child
Health, National Institute of
Public Health, Center for Health
and Society, Copenhagen,
Denmark; 2 Department of Social
Medicine, Institute of Public
Health Science, University of
Copenhagen, Center for Health
and Society, Copenhagen,
Denmark; 3 Faculty of Social
Science, Vestfold University
College, Tønsberg, Norway;
4 National Research and
Development Centre for Welfare
and Health, Information Division,
Helsinki, Finland; 5 Department
of Medical Epidemiology and
Biostatistics, Karolinska
Instituttet, Stockholm, Sweden;
6 Department of Social
Medicine, University of Bristol,
Bristol, UK
Correspondence to:
L H Mortensen, National
Institute of Public Health, Øster
Farimagsgade 5, 1399
Copenhagen K, Denmark; lmo@
niph.dk
Accepted 28 May 2007
ABSTRACT
Objective: To examine the socioeconomic patterns and
time trends in fetal growth in Denmark, Finland, Norway,
and Sweden from 1981 to 2000.
Design and settings: Data on all live-born singleton
births was drawn from national population registries in
each of the four countries (Denmark n = 1 077 584;
Finland n = 400 442; Norway n = 929 458; Sweden
n = 1 761 562).
Main outcome measure: Slope index of inequality (SII)
and mean differences in birthweight for gestational age,
SII and risk differences in small-for-gestational-age (SGA)
and large-for-gestational-age (LGA) infants.
Results: In all countries, gradients in fetal growth by
parental education existed. Low parental education was
associated with lower birthweight, increased risk of SGA
and decreased risk of LGA. Mother’s education exerted
the strongest influence on outcomes, whereas father’s
education had a weaker effect. The educational gradients
as measured by the SII were generally steepest in
Denmark, followed by Norway, Sweden, and Finland.
From 1981 to 2000, the educational gradients in
birthweight decreased in all countries, except Denmark
where it increased. All countries experienced small
decreases in the educational gradient in SGA over time.
Conclusion: The economic recession in Denmark in the
1980s was concurrent with an increase in disparities in
fetal growth, whereas the economic recession in Finland
and Sweden in the early 1990s did not substantially
increase the socioeconomic inequality in fetal growth. The
economic growth in the later part of the 1990s may have
diminished the socioeconomic inequality in fetal growth in
Finland, Norway, and Sweden.
Birthweight is a commonly used indicator of the
newborn infant’s health at birth, partly because it
is easy to measure and is routinely recorded on
birth certificates in many countries. Even though
most newborn infants with perinatal problems are
healthy in childhood,1 birthweight has been shown
to predict health and health-related outcomes in
childhood and later in life, eg infant mortality,2 3
school age cognitive performance,4 adult mortal-
ity,5 and chronic disease in adulthood, especially
cardiovascular disease.6 7 If birthweight affects
health trajectories over the life course, inequality
in birthweight may translate into health inequality
over the life course. Secular trends in the social
inequality in birthweight may thus be predictive of
both short-term and long-term secular trends in
health inequality.
An inverse association between birthweight and
socioeconomic position has been observed in
several different populations and across different
measures of socioeconomic position inside and
outside the Nordic countries.8–21 Fewer studies
have, however, examined the time trends in the
associations14–20 or compared the associations across
countries.21
The Nordic countries are well suited for com-
parative aetiological studies of differences in social
inequality in birthweight; as a result of high
homogeneity between countries the possible
causes of differences might be fewer and thus
easier to identify.22 The Nordic countries are similar
in many fundamental respects, but important
differences exist. The countries have experienced
quite different macroeconomic trajectories from
1981 to 2000 and have pursued very different
policies regarding tobacco and alcohol control,
labour market mobility, and social benefits for
pregnant women and families with children, such
as maternal leave and child allowances.23
Finally, much of the existing literature has used
birthweight or low birthweight (,2500 g) as an
outcome. Birthweight is determined by the length
of gestation and intrauterine growth, which may
have different aetiologies and health effects.24
Consequently, gestational age needs to be taken
into account to isolate the effect of intrauterine
growth on birthweight.
The purpose of this paper is to examine the
social inequality in birthweight for gestational age,
small-for-gestational-age (SGA) and large-for-
gestational-age (LGA) infants in Denmark,
Finland, Norway and Sweden in the period 1981–
2000.
METHODS
Study population
The Medical Birth Registries in Denmark, Finland,
Norway and Sweden contain records on all births.
This information was supplemented with health
and socioeconomic data on the mother, father and
child through linkage with other national regis-
tries.
This paper is based on the NorCHASE (Nordic
Collaborative project on Health And Social
inequality in Early life) cohort, which is a database
created for comparative research on social inequal-
ity in early life health, and is based on national
registries and censuses in Denmark (the Medical
Birth Registry, the National Hospital Registry, the
Integrated Database for Labour Market Research,
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the Population Registry, the Causes of Death Registry, and the
Register of Transfer Payments), Finland (the Medical Birth
Registry, the Malformation Registry, the Registry on Social
Assistance, and the Causes of Death Registry, Registry on
Education, and Population Registry), Norway (the Medical
Birth Registry, the Causes of Death Registry, and Statistics
Norway), and Sweden (the Medical Birth Registry, the Causes
of Death Registry, the LOUISE database, and the Census of
Sweden 1980, 1985 and 1990). The NorCHASE cohort
encompasses all births in Denmark, Norway and Sweden from
1981 to 2000. In accordance with data protection regulations at
Statistics Finland, the total Finnish data were not available to
NorCHASE. The Finnish data consisted of all stillborn and
deceased infants plus a random 50% sample of all other births in
Finland from 1987 to 2000.
For the present study, we used data on all live singleton
infants born between 1981 and 2000 (for Finland since 1987).
To increase the homogeneity of the study populations, we only
included births to mothers who themselves were born within
any of the Nordic countries (Denmark n = 1 097 455; Finland
n = 406 916; Norway n = 1 035 126; and Sweden
n = 1 778 329). We excluded infants with missing values for
gestational age or birthweight, infants with gestational ages of
less than 28 or more than 44 completed weeks, and infants with
implausible values of birthweight by gestational age according
to the method described by Alexander et al25 The percentages
excluded were 1.8% (Denmark), 1.6% (Finland), 10.2%
(Norway) and 0.9% (Sweden). The large proportion of excluded
cases in the Norwegian dataset was due to 8.3% missing values
on gestational age. The effective sample sizes were: Denmark
n = 1 077 584; Finland n = 400 442; Norway n = 929 458;
and Sweden n = 1 761 562.
Variables
Birthweight, SGA, and LGA were the outcome measures. SGA
and LGA was defined as birthweights falling below the 10th
percentile (SGA) or above the 90th percentile (LGA) of the
birthweight distribution for a given sex in a given week of
gestation in a given year in a given country.24 26
Highest completed education ((9 years, 10–12 years,
>13 years), gestational age (in completed weeks), parity (0,
>1), maternal age ((19 years, 20–34 years, >35 years) and
paternal age ((24 years, 25–39 years, >40 years), whether a
father was registered in the Medical Birth Registry, and year of
birth (1981–1985, 1986–1990, 1991–1995, 1996–2000) were
chosen as independent variables. We measured the highest
completed education at the latest possible time, ie between 2003
and 2005. In Finland, only non-mandatory education was
recorded in the National Register on Education. Consequently,
we have coded those not registered in the National Register on
Education as having less than 10 years of education. The slope
index of inequality (SII) in mother’s and father’s education was
calculated for birthweight, LGA and SGA. The SII is interpreted
as the difference in outcome (mean birthweight, risk difference
in SGA/LGA) between the hypothetically most advantaged
Table 1 Characteristics of the study population
Denmark Finland* Norway Sweden
1981–
1985
1986–
1990
1991–
1995
1996–
2000
1987–
1990
1991–
1995
1996–
2000
1981–
1985
1986–
1990
1991–
1995
1996–
2000
1981–
1985
1986–
1990
1991–
1995
1996–
2000
No of infants 234 971 266 077 289 043 272 648 234 195 300 434 262 478 233 009 239 346 240 685 233 009 420 224 494 439 487 111 359 788
Mother’s education (years)
,10 31.9 26.3 21.5 18.8 15.6 13.2 12.6 12.7 9.2 7.3 5.6 15 11.8 9.5 8.9
10–12 37.5 42.1 46.7 46.7 45.1 44.1 41.3 56.7 57.1 56.9 53.6 52.5 57.6 61.1 60.7
.12 29.4 30.8 31.1 34.0 39.3 42.8 46.1 30.2 33.2 35.5 40.2 31 30.1 29.2 30.2
Missing 1.5 0.8 0.6 0.5 0.5 0.5 0.4 0.6 1.6 0.5 0.1 0.2
Father’s education (years)
,10 26.3 24.6 22.0 19.1 24.4 20.9 18.2 12.5 10.4 8.6 6.8 23.5 19.8 15.5 12.3
10–12 47.3 48.4 49.3 48.8 43.1 44.9 46.2 48.7 52.2 54.5 53.8 52.1 58.6 63.5 64.6
.12 24.1 24.9 27.1 30.9 32.5 34.2 35.6 29.8 31.2 32.5 34.8 21.6 20.2 20.2 22.2
Missing 2.3 2.0 1.6 1.2 9.0 6.2 4.4 4.6 2.9 1.4 0.9 0.9
Parental age (years)
Mother’s mean age 26.8 27.6 28.5 29.3 28.5 28.8 29.4 26.6 27.2 28.0 28.8 27.7 28.0 28.4 29.4
Father’s mean age 29.8 30.5 31.1 31.8 30.9 31.2 31.7 30.2 30.7 31.4 31.8 31.0 31.3 31.6 32.3
Young mothers (,20 years) 4.0 2.4 1.8 1.3 2.9 2.6 2.6 6.2 4.8 3.4 2.6 3.7 2.8 2.2 1.7
Young fathers (,25 years) 15.9 13 9.1 7 11.7 10.1 10.2 11.9 11.2 9.6 7.9 10.8 11.2 8.9 6.5
Old mothers (.34 years) 6.9 8.3 10.3 13.2 13.5 14 17.2 7.3 8.1 10.7 13.1 10.5 11.3 12.2 14.9
Old fathers (.39 years) 4.9 6.8 7.5 8.1 7.7 8.3 9.7 4.9 6.4 8.2 9.3 7.1 9 9.7 10.6
Parity
First child 46.1 46.8 44.6 43.2 39.8 40 40.3 43.2 44.5 42.4 41 40.8 42.5 40.7 42.7
Not first child 53.9 53.3 55.4 56.8 60.3 60 59.7 56.8 55.5 57.6 59.1 59.2 57.5 59.3 57.3
Father known
Not known 0.7 0.8 1.6 2.3 1.3 1.2 1.4 8.3 5.4 3.4 2.3 0.6 0.6 0.5 0.5
Known 99.3 99.3 98.4 97.7 98.7 98.8 98.7 91.7 94.6 96.6 97.7 99.4 99.4 99.5 99.5
Birthweight (g)
Mean 3416 3451 3506 3555 3589 3589 3564 3538 3539 3572 3609 3512 3526 3565 3592
Gestational age (weeks)
28( 6(32 0.8 0.7 0.7 0.7 0.6 0.6 0.6 0.7 0.8 0.8 0.8 0.7 0.7 0.7 0.7
32( 6(36 3.5 3.6 3.6 3.7 3.6 3.5 3.7 3.7 4.0 4.1 4.3 4.4 4.4 4.1 4.0
*Deceased infants are counted once; infants from the random 50% sample are counted twice. Total observed sample size is 400 442.
Children born in Denmark, Finland, Norway and Sweden 1981–2000. Percentages unless otherwise noted.
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(100th percentile of the distribution) and least advantaged (0th
percentile).27
Statistical analysis
For data protection reasons, data from each country had to be
analysed separately. Linear and binomial linear regression was
used to model the relationship between the dependent variables
birthweight, LGA and SGA and the independent variables. From
the binomial linear regression, risk differences (RD) are reported.
RD is the risk in the exposure group minus the risk in the
reference group, and is interpreted as the difference in risk
attributable to the difference in exposure. Separate effect
estimates of all covariates were obtained for each of the four
five-year periods under observation. Interaction terms between
parental education and birth year period were employed to
assess whether changes over time were statistically significant.
In the analyses in which birthweight was used as the dependent
variable, gestational age in completed weeks was modelled as a
fourth degree polynomial.28 No adjustment for gestational age
was made when SGA and LGA were used as outcomes. To take
account of the sampling design of the Finnish data, we used
inverse probability-weighted regression to analyse the Finnish
data.29 An inverse probability weight of 2 was assigned to
infants from the random sample, who had a 50% probability of
being sampled to the cohort. All deceased infants, who had a
100% probability of being selected, were assigned weights of 1.
In the descriptive analyses of Finnish data, we assigned a
frequency weight of 2 to infants of the random sample.
RESULTS
In all four countries the average educational attainment
increased from 1981 to 2000, but with important differences
(table 1). Denmark, which had the least favourable educational
profile in the early 1980s, experienced the largest increase in
educational level through the period. For example, the fraction
of Danish mothers with less than 10 years of education dropped
by more than 10% over the study period. Finland and Norway,
which both started from more favourable positions than
Denmark, experienced a stable growth in educational attain-
ment. Comparably, Sweden experienced the lowest growth in
the length of education. All four countries experienced increases
in the mean parental age by approximately two years from 1981
to 2001.
Mean birthweight increased by more than 100 g in Denmark
over the study period, by a little less in Norway and Sweden,
whereas the average birthweight in Finland was very stable,
possibly because of an increased focus on the monitoring of
gestational diabetes in Finland.30 Mean birthweight was very
similar in the four countries in 1996–2000, and ranged from
3555 g (Denmark) to 3609 g (Norway). The proportions of very
(28–32 weeks) and moderately (33–36 weeks) preterm births
were similar in the four countries.
Birthweight for gestational age
Table 2 shows the association between mother’s education and
offspring’s birthweight, adjusted for gestational age and
parental characteristics. There was a clear association between
mother’s education and birthweight for gestational age in all
countries. A maternal education of less than 10 years or 10–
12 years was associated with decreased birthweight when
compared with a maternal education of 13 or more years. The
educational gradients in birthweight were weakest in Finland,
followed by Sweden, Norway, and Denmark. The time trends
showed that the educational differences were most stable in
Norway, whereas the educational differences increased in
Denmark. In Finland and Sweden the educational differences
in birthweight were relatively stable until the last half of the
1990s, when the educational differences diminished. The SII
differed substantially between countries, probably reflecting
differences in the effect of education as well as the distribution
of education in the four counties. For example, the effect
estimates for short education were similar in magnitude in
Denmark and Norway, but the prevalence of exposure to low
education was higher in Denmark than in Norway.
Consequently, the SII was higher in Denmark (fig 1).
Table 2 Mother’s education in relation to birthweight (g) in Denmark, Finland, Norway and Sweden 1981–
2000
Denmark Finland Norway Sweden
b (95% CL) b (95% CL) b (95% CL) b (95% CL)
1981–1985 ,10 years 274 (279 to 269) 286 (293 to 278) 262 (267 to 258)
10–12 years 241 (246 to 237) 234 (239 to 230) 230 (233 to 226)
.12 years 0 (reference) 0 (reference) 0 (reference)
SII* 101 (94, 108) 100 (91 to 108) 80 (74 to 86)
1986–1990 ,10 years 284 (289 to279) 248 (257 to 240) 288 (295 to 280) 271 (276 to 267)
10–12 years 235 (240 to 231) 212 (218 to 27) 235 (240 to 231) 225 (228 to 222)
.12 years 0 (reference) 0 (reference) 0 (reference) 0 (reference)
SII* 111 (105 to 118) 54 (44 to 65) 95 (87 to 103) 79 (74 to 85)
1991–1995 ,10 years 299 (2104 to 294) 256 (263 to 248) 286 (294 to 278) 273 (278 to 268)
10–12 years 236 (240 to 232) 210 (215 to 25) 238 (242 to 233) 221 (225 to 218)
.12 years 0 (reference) 0 (reference) 0 (reference) 0 (reference)
SII* 124 (117 to 131) 53 (44 to 62) 92 (84 to 100) 70 (65 to 75)
1996–2000 ,10 years 2103 (2108 to 297) 251 (259 to 242) 289 (298 to 280) 268 (274 to 262)
10–12 years 234 (238 to 230) 26 (211 to 0) 235 (240 to 231) 217 (220 to 213)
.12 years 0 (reference) 0 (reference) 0 (reference) 0 (reference)
SII* 125 (118 to 132) 45 (35 to 55) 85 (77 to 94) 59 (53 to 66)
95% Confidence intervals (95% CL) in parentheses. All estimates adjusted for gestational age, parity, mother’s age, whether a
father was known, father’s education and father’s age.
*Mothers with missing data on education were omitted from the analyses of slope index of inequality (SII), except for Finland,
where all with missing values were assumed to have less than 10 years of education. Finnish data for 1986–1990 refer to data for
1987–1990.
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Father’s education was also independently associated with
birthweight for gestational age (table 3 and fig 1). The effect
sizes of father’s education were roughly half of the effect of
mother’s education, and the pattern of association over time
and between countries was very similar to that of mother’s
education.
Small for gestational age
Table 4 shows that a clear association between SGA and
mother’s education exists. The largest differences were seen in
Denmark, followed by Norway, Sweden and Finland. The effect
of mother’s education was stronger than that of father’s
education, but both had independent effects (data not shown).
The SII in mother’s education decreased slightly over time in the
four countries.
Large for gestational age
A weak inverse gradient in LGA was observed so that a short
parental education was associated with a decreased risk of LGA.
Compared with the educational gradients in SGA, the associa-
tion between parental education and LGA was weaker. For
mother’s education, the largest differences were seen in
Denmark, followed by Norway (table 5). In Sweden and
Finland the educational gradients were very small. The picture
was similar for father’s education, which had little or no effect
on LGA in Sweden and Finland (data not shown).
Table 3 Father’s education in relation to birthweight (g) in Denmark, Finland, Norway and Sweden 1981–
2000
Denmark Finland Norway Sweden
b (95% CL) b (95% CL) b (95% CL) b (95% CL)
1981–1985 ,10 years 241 (246 to 235) 243 (250 to 236) 222 (226 to 217)
10–12 years 228 (233 to 223) 222 (227 to 217) 215 (219 to 212)
.12 years 0 (reference) 0 (reference) 0 (reference)
SII* 54 (46 to 61) 53 (44 to 61) 26 (20 to 32)
1986–1990 ,10 years 254 (259 to 248) 218 (226 to 211) 252 (259 to 245) 225 (229 to 220)
10–12 years 231 (235 to 226) 26 (212 to 0) 223 (228 to 219) 214 (217 to 210)
.12 years 0 (reference) 0 (reference) 0 (reference) 0 (reference)
SII* 70 (63 to 77) 24 (13 to 34) 59 (50 to 67) 29 (24 to 34)
1991–1995 ,10 years 253 (258 to 248) 223 (230 to 217) 255 (263 to 248) 222 (226 to 217)
10–12 years 221 (225 to 217) 23 (28 to 3) 224 (228 to 219) 24 (27 to 0)
.12 years 0 (reference) 0 (reference) 0 (reference) 0 (reference)
SII* 68 (61 to 75) 28 (19 to 37) 60 (52 to 69) 23 (18 to 29)
1996–2000 ,10 years 256 (261 to 250) 235 (242 to 227) 239 (247 to 230) 232 (238 to 226)
10–12 years 222 (226 to 217) 212 (218 to 27) 213 (218 to 29) 26 (210 to 22)
.12 years 0 (reference) 0 (reference) 0 (reference) 0 (reference)
SII* 69 (62 to 77) 44 (34 to 54) 36 (28 to 45) 31 (25 to 38)
95% Confidence intervals (95% CL) in parentheses. All estimates adjusted for gestational age, parity, mother’s age, whether a
father was known, mother’s education and father’s age.
*Fathers with missing data on education were omitted from the analyses of slope index of inequality (SII), except for Finland,
where all with missing values were assumed to have less than 10 years of education. Finnish data for 1986–1990 refer to data for
1987–1990.
Table 4 Mother’s education in relation to SGA in Denmark, Finland, Norway and Sweden 1981–2000
Denmark Finland Norway Sweden
b (95% CL) b (95% CL) b (95% CL) b (95% CL)
1981–1985 ,10 years 44 (40 to 48) 47 (42 to 52) 38 (35 to 41)
10–12 years 22 (18 to 25) 18 (15 to 21) 18 (16 to 20)
.12 years 0 (reference) 0 (reference) 0 (reference)
SII* 259 (264 to 254) 253 (258 to 247) 248 (252 to 244)
1986–1990 ,10 years 46 (42 to 49) 31 (23 to 39) 50 (45 to 55) 43 (39 to 46)
10–12 years 19 (17 to 22) 9 (4 to 14) 21 (19 to 24) 16 (14 to 18)
.12 years 0 (reference) 0 (reference) 0 (reference) 0 (reference)
SII* 260 (264 to 255) 235 (245 to 226) 254 (259 to 249) 247 (250 to 243)
1991–1995 ,10 years 44 (40 to 47) 36 (28 to 43) 48 (42 to 53) 40 (37 to 44)
10–12 years 15 (13 to 17) 12 (8 to 17) 20 (17 to 22) 12 (11 to 14)
.12 years 0 (reference) 0 (reference) 0 (reference) 0 (reference)
SII* 252 (256 to 248) 239 (248 to 231) 249 (254 to 244) 238 (241 to 235)
1996–2000 ,10 years 42 (39 to 46) 33 (25 to 41) 35 (30 to 41) 36 (32 to 40)
10–12 years 13 (11 to 15) 7 (2 to 13) 16 (13 to 18) 12 (10 to 14)
.12 years 0 (reference) 0 (reference) 0 (reference) 0 (reference)
SII* 248 (252 to 244) 232 (242 to 223) 236 (240 to 231) 233 (237 to 229)
Risk difference (per 1000 children). 95% confidence intervals (95% CL) in parentheses. SGA, small for gestational age. All estimates
adjusted for parity, mother’s age, whether a father was known, father’s education and father’s age.
*Mothers with missing data on education were omitted from the analyses of slope index of inequality (SII), except for Finland,
where all with missing values were assumed to have less than 10 years of education. Finnish data for 1986–1990 refer to data for
1987–1990.
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DISCUSSION
In all countries, low parental education was associated with
decreased birthweight, increased risk of SGA and decreased risk
of LGA. Mother’s education exerted the strongest influence on
outcomes, whereas father’s education had a weaker effect. The
educational gradients as measured by the SII were generally
steepest in Denmark, followed by Norway, Sweden, and
Finland. From 1981 to 2000, the educational gradients in
birthweight decreased in all countries, except Denmark where
it increased. All countries experienced small decreases in the
educational gradient in SGA over time. For LGA, Denmark
experienced an increase in the educational gradient, whereas the
gradients were stable in the other countries.
Covering four countries and more than four million births
over a 20-year time span, this is to our knowledge the most
comprehensive study of its kind. As the national registries have
almost complete coverage, selection is not a significant source of
bias. The large percentage of excluded births from the
Norwegian dataset as a result of missing values on gestational
age (8.3%) might bias the observed findings, but it does not
seem likely that the association between parental education and
fetal growth over time would be different in those excluded.
Most information in this study was not collected by self-report
and was thus not sensitive to the associated types of
information bias. Country-dependent misclassification of expo-
sure might be a source of bias and may falsely increase the
between-country differences. The proportion of parents with
nine years of education or less is surprisingly high in Denmark
compared with the other three countries, and may be partly
explained by differences in the classification schemes. It is
worth noting that the difference between the least educated
(nine years or less) and the highest educated (13 or more years)
is generally largest in Denmark, which also has the highest
proportion of individuals belonging to the least educated
category. If the ‘‘nine years of education or less’’ category is
(falsely) inflated in Denmark as a result of the misclassification
of individuals with a longer education, we would rather expect
to find that low maternal education was associated with smaller
differences in Denmark. There are some indications of under-
estimation of the proportion of individuals in the ‘‘nine years of
education or less’’ category in the other countries. For example,
Norway has recently implemented a new classification standard
that substantially increases the proportion of individuals
classified as having less than 10 years of education.31 This
would not, however, substantially bias the difference between
the least and the highest educated towards null if we make the
reasonable assumption that misclassification primarily takes
place between adjective categories.
The effects of parental education reported in this study were
adjusted for parity and parental age. As it cannot easily be
determined whether parity and parental age should be
considered confounders or mediators, we adjusted for these
Figure 1 Slope index of inequality in birthweight in Denmark, Finland,
Norway, Sweden from 1981 to 2000. Mother’s and father’s education.
All estimates adjusted for gestational age, parity, mother’s age, whether
a father was known, and father’s age. Father’s education and mother’s
education were mutually adjusted. Mothers and fathers with missing
data on education were omitted from the analyses, except for Finland,
where all with missing values were assumed to have less than 10 years
of education. Finnish data for 1986–1990 refer to data for 1987–1990.
Table 5 Mother’s education in relation to LGA in Denmark, Finland, Norway and Sweden 1981–2000
Denmark Finland Norway Sweden
b (95% CL) b (95% CL) b (95% CL) b (95% CL)
1981–1985 ,10 years 210 (213 to 28) 212 (216 to 29) 28 (211 to 25)
10–12 years 27 (29 to 24) 25 (28 to 22) 24 (26 to 22)
.12 years 0 (reference) 0 (reference) 0 (reference)
SII* 14 (11 to 18) 15 (10 to 20) 11 (8 to 15)
1986–1990 ,10 years 217 (219 to 214) 27 (215 to 0) 215 (219 to 211) 210 (213 to 27)
10–12 years 26 (28 to 23) 1 (25 to 6) 26 (28 to 23) 22 (24 to 0)
.12 years 0 (reference) 0 (reference) 0 (reference) 0 (reference)
SII* 22 (18 to 26) 5 (24 to 15) 16 (11 to 21) 10 (6 to 13)
1991–1995 ,10 years 224 (227 to 220) 28 (215 to 22) 218 (222 to 213) 215 (218 to 212)
10–12 years 28 (211 to 25) 2 (23 to 6) 28 (211 to 25) 23 (25 to 21)
.12 years 0 (reference) 0 (reference) 0 (reference) 0 (reference)
SII* 30 (26 to 34) 4 (24 to 13) 19 (14 to 24) 13 (9 to 16)
1996–2000 ,10 years 228 (232 to 224) 210 (217 to 23) 226 (231 to 220) 213 (217 to 29)
10–12 years 28 (211 to 25) 2 (23 to 7) 28 (211 to 25) 22 (24 to 0)
.12 years 0 (reference) 0 (reference) 0 (reference) 0 (reference)
SII* 36 (30 to 41) 6 (23 to 14) 22 (17 to 28) 10 (6 to 15)
Risk difference (per 1000 children). 95% Confidence intervals (95% CL) in parentheses. All estimates adjusted for parity, mother’s
age, whether a father was known, father’s education and father’s age. LGA, Large for gestational age.
*Mothers with missing data on education were omitted from the analyses of slope index of inequality (SII), except for Finland,
where all with missing values were assumed to have less than 10 years of education. Finnish data for 1986–1990 refer to data for
1987–1990.
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factors to arrive at estimates that were independent of parity
and parental age. Also, the effect of one parent’s education was
adjusted for the other parent’s education. This was done to
examine the independent effects of mother’s and father’s
education. In this study, we have chosen to report absolute
effect estimates (differences in mean birthweight for gestational
age and risk differences) rather than relative effect estimates (eg
risk ratios), because relative measures can be misleading,
especially when comparing effects across populations with
different exposure and outcome distributions.32 We measured
parental education at the latest possible point in time. This
means that mother’s and father’s education was commonly
measured after the birth of the offspring, which makes reverse
causation possible. It seems unlikely, however, that outcomes
such as birthweight, SGA and LGA will have major effects on
parental educational trajectories.
Why would we expect differences in socioeconomic inequal-
ity over time within and between the Nordic countries? The
Nordic countries have quite similar welfare systems with
universal healthcare and social benefits, and high social
expenditure as a percentage of gross domestic product.33 The
Nordic countries are also characterised by low income inequal-
ity and low childhood poverty rates. Women’s participation in
the labour market is high in all countries in the period under
observation. In the 1990s, especially Finland, but also Sweden
was hit by severe economic recession, which caused unemploy-
ment rates to increase. Denmark experienced a prolonged
economic recession from the early 1980s to the early 1990s.34 35
Norway, on the other hand, has not been subject to similar
economic recessions in the period under observation. If
economic recession increases the impact of education on fetal
growth, we would expect the educational gradients to increase
in Sweden and Finland in the third period (1991–1995). Our
findings do not confirm this hypothesis, although there is a
small increase in Finland. In the last period (1996–2000), we
would expect educational gradients to decrease as all countries
experienced economic growth in this period. This appears to
have been the case for all countries but Denmark, where the
educational gradient increased in the last period for all outcomes
but SGA.
A few studies have looked at time trends in socioeconomic
inequality in fetal growth and birthweight in settings that are
comparable to this study. Using data from the Finnish Medical
Birth Registry from 1991 to 1999, Gissler et al36 found a decrease
in occupational socioeconomic differences in low birthweight,
preterm birth and perinatal mortality from 1991 to 1999. A
recent study from Scotland revealed an increase in the social
inequality measured by the Registrar General’s occupational
social class in birthweight similar to what we found for
Denmark, but it is not comparable to the time trends in the
other countries.15 16
A likely explanation for the steeper educational gradient in
Denmark is the prevalence and distribution of mediating
factors, especially maternal smoking, which decreases birth-
weight considerably. The prevalence has dropped from approxi-
mately 35% in 1980 to approximately 25% among pregnant
women in Denmark.37 38 In Finland, smoking prevalence was
approximately 15% among pregnant women from 1987 to
1997.39 In Norway, 31% of pregnant women smoked in 1980,
whereas the corresponding figure for 1999–2002 was 17%.40 41 In
Sweden, the prevalence has dropped from 31% in 1982 to 13%
in 2000.38 Given that smoking is associated with (low)
education,38 42 the difference in prevalence is probably the single
most important contributor to the between-country differences
in the association between education and fetal growth. Other
factors related to fetal growth, for example alcohol use, stress,
body mass index, and the monitoring of gestational diabetes,42
may also be of importance in explaining the within and
between-country variation in the educational gradient in fetal
growth, but comparative information on these factors is not
available for the present study.
In conclusion, educational gradients in fetal growth exist in
Denmark, Finland, Norway and Sweden, but there are subtle
differences in the association between parental education and
outcomes in the four countries. The between-country differ-
ences in fetal growth suggest that determinants at the societal
level such as policy are important.
Funding: NorCHASE was funded by the Research Program in Longitudinal
Epidemiology, which is supported by the Nordic Council of Ministers and administered
by NordForsk (the Nordic Research Board).
Competing interests: None.
REFERENCES
1. Gissler M, Jarvelin MR, Louhiala P, et al. Can children’s health be predicted by
perinatal health? Int J Epidemiol 1999;28:276–80.
2. Wilcox A, Skjaerven R, Buekens P, et al. Birth weight and perinatal mortality. A
comparison of the United States and Norway. JAMA 1995;273:709–11.
3. Wilcox AJ, Russell IT. Birthweight and perinatal mortality. II. On weight-specific
mortality. Int J Epidemiol 1983;12:319–25.
4. Osler M, Andersen AM, Due P, et al. Socioeconomic position in early life, birth
weight, childhood cognitive function, and adult mortality. A longitudinal study of
Danish men born in 1953. J Epidemiol Community Health 2003;57:681–6.
5. Andersen AM, Osler M. Birth dimensions, parental mortality, and mortality in early
adult age: a cohort study of Danish men born in 1953. Int J Epidemiol 2004;33:92–9.
What is already known on this subject
c Fetal growth is important for short and long-term health
c Social inequality in fetal growth may affect short and long-
term health inequalities
Policy implications
c The social inequality in fetal growth should be monitored to
ensure equity in health
c The educational gradient in fetal growth is affected by the
prevalence and distribution of mediating factors, eg parental
smoking, which should be targeted by national policies to
reduce social inequality
c The between-country differences in educational gradient in
fetal growth might partly reflect between-country policy
differences
What this paper adds
c We observed different educational gradients in the four
countries. Denmark experienced stable or increasing
educational inequalities, whereas Finland, Norway and
Sweden experienced decreasing educational inequality in fetal
growth from 1981 to 2000
c The steepest gradients in fetal growth were generally found in
Denmark, followed by Norway, Sweden and Finland
c The economic recession in Finland and Sweden in the early
1990s did not substantially increase educational inequality
Evidence-based policy and practice
330 J Epidemiol Community Health 2008;62:325–331. doi:10.1136/jech.2007.061473
6. Spencer N. Weighing the evidence. How is birthweight determined? Abingdon, UK:
Radcliffe Medical Press Ltd, 2003.
7. Barker DJP. Mothers, babies and health in later life. Edinburgh: Churchill
Livingstone, 1998.
8. Arntzen A, Samuelsen SO, Magnus P, et al. Social differences in the birth weight
distribution in Norway. Eur J Public Health 1994;4:92–7.
9. Brooke OG, Anderson HR, Bland JM, et al. Effects on birth weight of smoking,
alcohol, caffeine, socioeconomic factors, and psychosocial stress. BMJ
1989;298:795–801.
10. Emanuel I, Kimpo C, Moceri V. The association of maternal growth and socio-
economic measures with infant birthweight in four ethnic groups. Int J Epidemiol
2004;33:1236–42.
11. Helweg-Larsen K, Olsen O, Madsen M. Births and social factors. Copenhagen,
Denmark: DIKE, 1999.
12. Nordentoft M, Lou HC, Hansen D, et al. Intrauterine growth retardation and
premature delivery: the influence of maternal smoking and psychosocial factors.
Am J Public Health 1996;86:347–54.
13. Luo ZC, Wilkins R, Kramer MS. Effect of neighbourhood income and maternal
education on birth outcomes: a population-based study. Can Med Assoc J
2006;174:1415–20.
14. Ericson A, Eriksson M, Kallen B, et al. Secular trends in the effect of socio-economic
factors on birth weight and infant survival in Sweden. Scand J Soc Med 1993;21:10–
16.
15. Fairley L. Changing patterns of inequality in birthweight and its determinants: a
population-based study, Scotland 1980–2000. Paediatr Perinat Epidemiol
2005;19:342–51.
16. Fairley L, Leyland AH. Social class inequalities in perinatal outcomes: Scotland
1980–2000. J Epidemiol Community Health 2006;60:31–6.
17. Koupilova I, Bobak M, Holcik J, et al. Increasing social variation in birth outcomes in
the Czech Republic after 1989. Am J Public Health 1998;88:1343–7.
18. Koupilova I, Rahu K, Rahu M, et al. Social determinants of birthweight and length of
gestation in Estonia during the transition to democracy. Int J Epidemiol 2000;29:118–24.
19. Vagero D, Koupilova I, Leon DA, et al. Social determinants of birthweight, ponderal
index and gestational age in Sweden in the 1920s and the 1980s. Acta Paediatr
1999;88:445–53.
20. Moser K, Li L, Power C. Social inequalities in low birth weight in England and Wales:
trends and implications for future population health. J Epidemiol Community Health
2003;57:687–91.
21. Koupilova I, Vagero D, Leon DA, et al. Social variation in size at birth and preterm
delivery in the Czech Republic and Sweden, 1989–91. Paediatr Perinat Epidemiol
1998;12:7–24.
22. Kohn ML. Crossnational research as an analytic strategy. Am Sociol Rev
1987;52:713–31.
23. Hogstedt C, Moberg H (Eds). Health for all? A critical study of policies in seven European
countries. O¨stersund, Sweden: National Institute of Public Health, 2007; In press.
24. Wilcox AJ. On the importance—and the unimportance—of birthweight.
Int J Epidemiol 2001;30:1233–41.
25. Alexander GR, Himes JH, Kaufman RB, et al. A United States national reference for
fetal growth. Obstet Gynecol 1996;87:163–8.
26. Bakketeig LS. Current growth standards, definitions, diagnosis and classification of
fetal growth retardation. Eur J Clin Nutr 1998;52(Suppl 1):S1–S4.
27. Mackenbach JP, Kunst AE. Measuring the magnitude of socio-economic
inequalities in health: an overview of available measures illustrated with two
examples from Europe. Soc Sci Med 1997;44:757–71.
28. Overpeck MD, Hediger ML, Zhang J, et al. Birth weight for gestational age of
Mexican American infants born in the United States. Obstet Gynecol 1999;93:943–7.
29. Hernan MA, Brumback B, Robins JM. Marginal structural models to estimate the
causal effect of zidovudine on the survival of HIV-positive men. Epidemiology
2000;11:561–70.
30. Vaarasmaki M, Gissler M, Ritvanen A, et al. Congenital anomalies and first life year
surveillance in type 1 diabetic births. Diabet Med 2002;19:589–93.
31. Statistics Norway. Nye definisjoner av utdanningsniva˚er, 2006. http://www.ssb.no/
vis/magasinet/slik_lever_vi/art-2006-09-14-01.html (accessed 1 March 2007).
32. Rose G. The strategy of preventive medicine. Oxford, UK: Oxford University Press,
1992.
33. Arntzen A, Mortensen LH, Cnattingius S, et al. Trends in social indicators in the
Nordic countries, 1980–2002. Copenhagen, Denmark: National Institute of Public
Health, 2006.
34. OECD Factbook 2006. Economic, environmental and social statistics. Paris, France:
OECD Publishing, 2006.
35. Lahelma E, Lundberg O, Manderbacka K, et al. Changing health inequalities in the
Nordic countries? Scand J Public Health Suppl 2001;55:1–5.
36. Gissler M, Merilainen J, Vuori E, et al. Register based monitoring shows decreasing
socioeconomic differences in Finnish perinatal health. J Epidemiol Community Health
2003;57:433–9.
37. Wisborg K, Kesmodel U, Henriksen TB, et al. A prospective study of smoking during
pregnancy and SIDS. Arch Dis Child 2000;83:203–6.
38. Cnattingius S. The epidemiology of smoking during pregnancy: smoking prevalence,
maternal characteristics, and pregnancy outcomes. Nicotine Tob Res 2004;6(Suppl
2):S125–40.
39. Jaakkola N, Jaakkola MS, Gissler M, et al. Smoking during pregnancy in Finland:
determinants and trends, 1987–1997. Am J Public Health 2001;91:284–6.
40. Haug K, Irgens LM, Baste V, et al. Secular trends in breastfeeding and parental
smoking. Acta Paediatr 1998;87:1023–7.
41. Rasmussen S, Irgens LM. The effects of smoking and hypertensive disorders on
fetal growth. BMC Pregnancy Childbirth 2006;6:16.
42. Kramer MS, Seguin L, Lydon J, et al. Socio-economic disparities in pregnancy
outcome: why do the poor fare so poorly? Paediatr Perinat Epidemiol 2000;14:194–
210.
Evidence-based policy and practice
J Epidemiol Community Health 2008;62:325–331. doi:10.1136/jech.2007.061473 331
